Background: Previous meta-analyses on the anaesthetic management of patients undergoing surgery for hip fracture have focused on randomized trials. Furthermore, heterogeneity in outcome reporting across the studies has made it difficult to inform best practice guidelines for patient care. Methods: This systematic review examined how perioperative outcomes were reported and defined in the context of comparing modes of anaesthesia for hip fracture surgery. Outcomes were included from randomised and non-randomised studies published between January 2000 and July 2017. Meta-analyses were performed for regional versus general anaesthesia, with sensitivity analyses performed for spinal versus general anaesthesia. Results: By including data from 15 large observational studies in this meta-analysis, we have increased the number of patients for whom outcomes were assessed from approximately 3000 to 202 000. There was no significant difference in 30-day mortality [Odds ratio (OR) 1.15; 95% confidence interval (CI) 1.01, 1.32; I 2 87%; n¼200 464], prevalence of pneumonia
Approximately 1.6 million people worldwide sustain a hip fracture each year, 1 with over 76 000 of these occurring in the UK. 1, 2 The risk of dying of such a fracture within 30 days is 7.1%. 1 With 70% of patients being above the age of 80 yr, 30%
experiencing a reduction in functionality after a hip fracture, 3 and 20% suffering serious complications during their acute hospital stay, 4 there is a huge burden placed on the health service. The median cost per patient presenting with a hip fracture in the UK in 2011 was around £9500 for the acute phase of their treatment, with 76% of this attributed to ward costs, 14% for theatre costs, and 10% for investigations. 5 Additional costs of the follow-on treatment would increase this further. District general hospitals spend between £3.6 and £4.8 million per yr on the acute management of patients with hip fracture 6 ; however, research to date has produced insufficient evidence to guide a key element in the early care for these patients, namely the anaesthetic management for their hip fracture surgery. Studies evaluating regional compared to general anaesthesia have generated inconsistent results when looking at mortality as a primary outcome. Systematic reviews previously aiming to evaluate this question have been limited by the small number and generally low quality of randomized trials. They also have excluded more recent large observational studies. This systematic review aimed to identify studies of patients undergoing emergency hip fracture surgery in the context of the type of anaesthesia administered. It aimed to explore how perioperative hip fracture outcomes were defined and reported across these studies. 7e9 In an attempt to use the large amount of available data from observational studies, metaanalyses were performed to compare various outcomes in the context of general vs regional anaesthesia, with sensitivity analyses for general anaesthesia vs spinal only anaesthesia, drawing on data from both randomized and non-randomized studies. In performing the meta-analyses, we recognized the inconsistency and heterogeneity in outcome reporting, causing difficulty in pooling results from the various trials and observational studies for comparison. Importantly, this limits the ability to evaluate interventions used in perioperative care for patients with a hip fracture and to provide best practice recommendations, 7, 10, 11 and attributes partly to the minimal change in 30-day mortality for hip fracture patients over the past 5 yr within the UK.
Methods
Initially in this systematic review a quantitative analysis addressing the intervention of regional or general anaesthesia for hip fracture surgery was performed following the principles of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement. 12, 13 A further sensitivity analysis for those cases wherein spinal anaesthesia was the sole technique vs general anaesthesia was also performed. Secondly, based on a protocol previously registered on Prospero [33405] , 14 the review identifies how outcome measures pertaining to mode of anaesthesia for hip fracture surgery have been reported. Additional studies were identified by hand-searching the reference sections of all eligible studies and previously published review articles. 15 Randomized trials and observational studies, both prospective and retrospective, were eligible for this review. Studies were included if they reported perioperative outcomes in the context of comparing modes of anaesthesia for hip fracture surgery regardless of the presence or specifics of any study intervention. For quantitative analysis, only the studies that examined regional compared with general anaesthesia were included. Those studies wherein a spinal anaesthetic was performed as a sole technique compared to a general anaesthetic were included in a subsequent sensitivity analysis. All eligible studies were included regardless of size and results restricted to full-text articles.
Literature search
Study selection was based on independent screening of the titles and abstracts in the initial search by two investigators (C.O. and L.M.). Identified studies underwent a full text review by the same two reviewers working independently and in duplicate to assess eligibility. Disagreement regarding study eligibility was discussed and resolved through consultation with a third author (M.S.). Case reports and case series were excluded, as were studies concerning elective hip surgery.
Two authors (C.O. and L.M.) independently assessed the risk of bias of individual studies according to the Cochrane Risk of Bias Tool for randomized controlled trials (RCTs), 16 or the Cochrane Risk of Bias Tool for non-randomized studies for the observational studies. 17 Studies were assigned a low risk of bias, high risk of bias, or unclear risk of bias for each domain in the Cochrane tools as per Appendices 1 and 2. The same two independent reviewers extracted data from the eligible full-text articles. This included study characteristics such as author, year of publication, country, study design, study participants, sample size, and intervention as presented in Table 1 . Details relating to all outcome measures reported within the studies, along with their various definitions were extracted. Outcomes that had been reported in the same way in at least two randomized or non-randomized studies comparing regional and general anaesthesia or spinal and general anaesthesia were included in the meta-analyses. Event rates were extracted for dichotomous outcomes and mean and standard deviation was extracted for continuous outcomes.
A full list of all reported outcomes from eligible studies was compiled (Supplementary Table) . These included 30-day mortality, acute myocardial infarction, delirium, length of stay, pneumonia, and acute renal failure. The quality of evidence for each outcome was rated by the Grades of Recommendation, Assessment, Development and Evaluation (GRADE) Working Group approach. 18 Review Manager software (RevMan for Mac, version 5.3; Cochrane Collaboration, Oxford, UK) was used to perform the meta-analyses. Where possible, the results of studies were pooled if at least two studies reported comparable outcomes. This allowed forest plots to be generated, statistical heterogeneity to be tested, and an overall estimate of the pooled effect for each outcome. A random effects model was used due to the differences in patient population and intervention. Similarity between studies was measured using the I 2 statistic to estimate the proportion of variation across studies that is due to heterogeneity rather than chance. 19 
Results
Initially, 440 studies were identified using the search methods described. After removal of duplicates, 408 titles and abstracts were screened (Fig. 1) . Sixty-seven full text articles were assessed for eligibility, 43 of which were excluded. A further eight records found through checking the reference lists of included articles and review articles were added to the remaining 24. Therefore, 32 records were included in the narrative review, with 19 contributing to the quantitative analysis. These studies were published between January 2000 and July 2017. Characteristics of the studies are shown in Table 1 . The majority, 19 out of 32, were retrospective observational studies, nine were randomized trials, and four prospective cohort studies. Twenty-seven studies looked at outcomes relating to regional compared to general anaesthesia and 10 studies examined outcomes specifically for spinal compared with general anaesthesia. One study reported outcomes comparing high and low dose spinal anaesthesia, 20 one reported outcomes for deep vs light sedation 21 and another compared spinal vs lumbar and sciatic plexus blocks. 22 Of the remaining studies, two assessed outcomes for regional and general anaesthesia following either administration of cholinesterase inhibitors or the implementation of a delirium bundle in older adults with dementia undergoing hip fracture surgery. 23, 24 The general anaesthesia group encompasses 'general anaesthesia only' and 'general anaesthesia plus nerve block'. A total of three randomized trials 25e27 containing data on 752 patients and 16 observational studies 3,4,28e41 with data on 201 254 patients were included in analyses for general vs regional anaesthesia. Two randomized trials 25, 27 containing data on 365 patients and 10 observational studies 3,4,28e31,34e36,41 with data on 96 813 patients were included in the sensitivity analyses for general vs spinal anaesthesia. The risk of selection bias within the randomized trials was judged to be low. In terms of allocation concealment, half the trials did not report if or how this was achieved (Appendix 1). All the randomized trials were at high risk of performance and detection bias. This was based on lack of blinding of participants or personnel during the intervention and during outcome assessment or a lack of providing information on how this was achieved. The risks of attrition and reporting bias were judged to be low for the randomized trials (Appendix 1). The risk of major influence due to confounding factors was deemed high in all of the observational studies with the majority using statistical techniques such as propensity score matching and logistic regression in order to adjust for these (Appendix 2). The risk of bias in the classification and deviation from intended interventions and in the selection of reported results was low. However, selection bias was high or unclear in 10 out of 18 studies, with many having unclear criteria for inclusion and exclusion. There was a moderate risk of bias due to missing data in six out of 18 studies and an unclear to high risk due to non-standardized reporting of outcomes in five out of 18 studies (Appendix 2). Five studies reported acute renal failure in a way that could be comparable by meta-analysis, one randomized, 27 and four observational studies. 28, 30, 34, 40 There was no significant difference between regional and general anaesthesia for this outcome (OR 0.94; 95% CI 0.54, 1.64; I 2 0%; n¼27 873).
Meta-analysis: outcomes for regional vs general anaesthesia
For outcomes such as hypotension, blood loss, and blood transfusion, it was not possible to perform meta-analyses because of the lack of uniformity in outcome reporting. Furthermore, there were too few comparable studies to examine mortality in the longer term, for example at 90 or 120 days. This considerable variation in reporting of outcomes, often lacking detail in definition as well as measurements at different time points, leads to difficulty comparing studies. 
Sensitivity analysis: outcomes for spinal only vs general anaesthesia
Two randomized 25, 27 and seven observational studies 3 n¼38 100). One randomized study 27 and three observational studies 4,30,31 showed a statistically significant difference for hospital length of stay (standardized mean difference e0.01; 95% CI e0.14, 0.11; I 2 0%; n¼1086) but once again, this is so small that it is likely to be clinically insignificant. For delirium, one randomized study 27 and two observational studies 34, 41 showed no significant difference between general and spinal anaesthesia (OR 1.04; 95% CI 0.2, 5.33; I 2 61%; n¼975). One randomized study 27 and two observational studies 28, 30 showed no significant difference between the two modes of anaesthesia for acute renal failure (OR 0.90; 95% CI 0.47, 1.75; I 2 0%; n¼10,298; Appendix 3).
Qualitative reporting of outcomes
Perioperative outcomes were reported in a non-standardized way across all studies included. The median number of outcomes per study was eight (range 1e21) as shown in Supplementary (41%) studies 4,23,24,26e29,33,34,38,40,42,44 and surgical site infection in 10 (31%) studies. 4,24,27e29,37,38,40,42,44 Outcome measures that were reported only once across the studies include myocardial ischaemia, hypoxia, reintubation, transient ischaemic attack, time from admission to medically fit for discharge, and mortality at 120 days (Supplementary Table) . For most studies, outcomes were not defined as shown in Table 2 .
Mortality
Mortality rates were reported in nine different ways throughout the 32 studies. After 30-day mortality, in-hospital mortality was the next most commonly reported, being used in 19% of the studies (n¼6). 21,26,31,43e45 Four studies 27, 39, 41, 44 reported 1-year mortality and two reported 'overall' mortality in an ill-defined manner. 34, 46 Two studies reported mortality occurring in <5 days, 3, 35 two reported mortality at 90 days 27, 39 and a different two studies reported 7-day mortality. 30, 33 Eight of the 32 studies reported mortality at more than one timepoint, 3, 26, 27, 30, 33, 35, 39, 44 with Parker and colleagues reporting mortality at 30, 90, and 120 days, as well as at 1 year. 27 
Process of care
Other perioperative outcomes reported were length of stay, duration of surgical procedure and anaesthesia, and time from admission to the operating room and from admission until medically fit. They were reported with various frequencies within the studies. Length of stay was reported in 11 (34%) studies, 23 The less commonly reported outcome measures were time from admission to operation, reported in three studies, 24, 26, 31 time from admission until medically fit, 44 fasting times, 24 and recovery ward length of stay.
47
Hospital readmissions 28, 31, 38, 40 and intensive care unit admissions 4, 21, 23, 43 were reported in four (13%) and four (13%) studies respectively.
Perioperative morbidity
Supplementary Table illustrates the various perioperative complications, categorized by organ system, with a specific section for critical care interventions. There was no systematic approach to reporting these. Issues relating to analgesia, allergies, and gastrointestinal complications, which were reported less commonly, were categorized as 'other'. All studies reported some form of cardiovascular complication, with myocardial infarction reported in 14 studies (44%). 4,24e30,33,38,40,42e44 Only one of these studies described how acute myocardial infarction was defined. 33 Eleven studies (34%) included more than one cardiovascular complication. 4,24e30,33,38,44 Heidari and colleagues 26 reported myocardial infarction and ischemia as separate entities with no definition as to how they were distinguished. The majority of studies did not mention any criteria upon which the diagnosis of acute myocardial infarction was made. The International Classification of Diseases codes were used in one study to identify those with acute myocardial infarctions; however, these do not provide definitions of what constituted the diagnosis. 43 Other methods described included a postoperative complication being reported if a consultant felt it was present, 26 or retrospective analysis of medical notes. 33 Both of these are subjective and prone to detection bias. Three (9%) studies reported 'any cardiac complication' with no further detail. 21, 31, 34 Hypotension was reported in seven (22%) studies 20, 25, 27, 29, 36, 48, 49 in various ways, including absolute and relative reductions in blood pressure and therefore it was not possible to undertake a meta-analysis for this outcome. Pneumonia was the most commonly reported outcome classified within pulmonary complications, followed by venous thromboembolic events. Despite 13 studies reporting pneumonia as an outcome, 4,23,24,26e29,33,34,38,40,42,44 only two defined how the diagnosis was made. O'Hara and colleagues 33 confirmed a diagnosis of pneumonia if the patient had a chest radiograph with infiltrates and was commenced on antimicrobials. In contrast, Fields and colleagues 29 used the American College of Surgeons National Surgical Quality Improvement Program definition for pneumonia. 50 Venous thromboembolic event reporting included pulmonary embolism and deep vein thrombosis together in eight (25%) of the studies. 4, 24, 27, 29, 37, 38, 40, 42 Pulmonary embolism was reported separately in seven studies 4, 24, 27, 28, 38, 42, 44 ; however, the categorization of deep vein thrombosis and pulmonary embolism together in some studies, while others separated them, reduced the number of studies that could be included in meta-analyses. Respiratory failure was reported in five (16%) studies 23, 30, 34, 40, 43 and other pulmonary outcomes that were reported sporadically included pleural effusion, atelectasis, and exacerbation of chronic obstructive pulmonary disease. and cerebrovascular accident 24,25,27e29,34,40,42,43 were the two most commonly reported neurological outcomes, each reported in nine (28%) studies. Only 33% of studies that reported delirium clearly described the methods used to diagnose it. In each case, these methods varied by their use of different delirium assessment tools. 24, 41, 44 'Cognitive issues' were reported in some studies;
however, there was limited detail available to translate this into actual diagnoses. Surgical site and urinary tract were the most commonly reported infections. Their rates were reported in 10 (31%) 23,24,27e29,37,38,40,42,44 and eight (25%) studies, 24, 28, 29, 37, 38, 40, 42, 44 respectively. The different ways of reporting a similar outcome make meaningful pooling of these results impossible.
Similarly, renal outcomes were most commonly reported under the heading 'renal insufficiency' and 'renal complication', with no use of validated diagnostic criteria on how they had been defined. Seven (22%) studies reported acute renal failure 24,27e30,40,43 as an outcome. No study used the term acute kidney injury, which is formally diagnosed based on specific criteria.
Discussion
This study showed no significant differences in 30-day mortality or prevalence of myocardial infarction, pneumonia, delirium, or renal impairment in those patients with hip fracture undergoing surgery where either regional or general anaesthetic was used. Sensitivity analyses comparing spinal anaesthetic, as a sole technique with general anaesthesia, for the same outcomes, were also insignificant. There was a marginal statistical significance favouring regional and spinal anaesthesia when compared to general anaesthesia for hospital length of stay; however, this is not clinically significant as it results in a difference of only a small portion of an actual bed day. This review is novel in including relevant outcomes from observational studies, increasing the number of patients from which outcomes were included from 2000e3000 51 to 202 000.
Previous reviews have used data from mostly randomized studies, many of which dated back to the 1980s and had questionable relevance to modern anaesthetic practice. 51 The pooled, randomized data to date are inadequate in terms of power displayed by the wide 95% CIs displayed within the meta-analyses (Fig. 2) . Powering a randomized study to detect a difference in 30-day mortality at the minimal acceptable power standard of 80% would require 8200 patients per group based on our calculations from Fig. 2a .
A recently published systematic review by Van Waesberghe and colleagues 52 also included observational studies but there were several methodological weaknesses such as inclusion of data from patients having elective total hip arthroplasties, comparing adjusted data with raw data as well as comparing means with medians for length of stay.
A limitation of including observational data is the possibility that their design could introduce bias. 53 The Cochrane
Risk of Bias tools are well validated and this review reassuringly demonstrates a similar degree of heterogeneity and risk of bias between the observational and randomized studies (Appendices 1 and 2). A further limitation was the inability to include studies in the meta-analyses that provided adjusted data only. Adjusted estimates of effect, via various statistical approaches, aim to control for confounders and are noncomparable with crude estimates of effect. An example is a recently published study by Chu and colleagues, 43 which showed higher odds of in-hospital mortality in the general anaesthesia group when adjusted using propensity scoreematching, (2.62 vs 2.13%; OR, 1.24; 95% CI, 1.15 to 1.35; P<0.001). Basques and colleagues 28 found a significantly shorter length of stay P<0.001 in the general anaesthesia group in a retrospective study of 9842 patients using bivariate analysis. This is the first article to provide data showing substantial variation in the definitions of perioperative hip fracture outcomes across a wide number of studies. This is likely to be relevant to wider research areas. In the randomized and observational studies considered in this review, there was a large and equal degree of inconsistency in defining specific outcomes, if at all, and how they were reported. This left it possible to pool only limited numbers of outcomes in metaanalyses. For example, 'cardiac complications' were often reported under a generic umbrella term with no breakdown of the various components required to meet internationally agreed criteria. 26 Similarly, there was large heterogeneity in the definition of the study intervention. Regional anaesthesia encompassed a spectrum of interventions from neuraxial blockade to spinal and/or epidural anaesthesia, with or without a nerve blockade. Regional anaesthesia with sedation was documented as general anaesthesia 41 in one paper.
However, deep sedation, resembling a general anaesthetic, may be simply categorized as regional anaesthesia. Only one study provided data on the number of patients having sedation while under spinal anaesthesia. 3 The patients within these studies receiving general anaesthesia commonly had a nerve block performed, which is true to practice, 23, 28, 36 thus for meta-analyses, the general anaesthesia group encompasses 'general only' and 'general plus nerve block'. Two studies 3, 35 provided a breakdown of data for the categories spinal only or spinal plus nerve block and one study provided results for a group that received both general and regional anaesthesia. 39 Data from patients with such a combined technique has been handled differently in studies either by excluding it completely, 29, 33 analysing it within the general anaesthesia group 41 or not describing how it was differentiated at all.
This review highlights that, although meta-analyses may be performed for a specific outcome in terms of how it is reported within studies, the investigators may not have captured the diagnoses in a standardized way. The lack of clarity in the definition of delirium 54, 55 may account for the wide prevalence range for this outcome, varying from 0.9% 27 to 54% 41 in papers included within this review. Furthermore, a recent study by Numan et al 56 showed no agreement between experts when diagnosing delirium using well validated cognitive assessment tools in the same patient. Similarly, length of stay is one of the most widely reported outcomes, yet the definitions used for this across the studies has been inconsistent. It is therefore difficult to be certain that 'hospital length of stay' is actually measuring the same duration of time across various healthcare systems. There is potential for many factors to affect a patient's journey from acute care phase to rehabilitation as well as ill-defined criteria guiding decisions on when to step down levels of care. In terms of getting definitions that are at least consistent, the practice in Wales and now England to report the combined acute and community care to give overall length of stay may be worthwhile. 1 This in now commonly referred to as the 'super-spell'. The common domains that are addressed in this review give rise to the likelihood of obtaining agreement on outcome definitions and a core outcome set for future randomized studies examining the perioperative management of patients with hip fractures. 57 The search was restricted to a short but recent period of time, but we are confident that we have presented sufficient data to demonstrate variability in outcome reporting. This review has shown that there is no difference in outcomes between patients who receive regional and general anaesthesia undergoing surgery for fractured neck of femur. The focus of future studies must shift from reporting illdefined outcomes to creating research protocols that include well defined interventions and outcomes of importance to patients. The Patient Centred Outcome Measures after Major Surgery (P-COMMaS) 58 and the Regional versus General
Anesthesia for Promoting Independence after Hip Fracture (REGAIN) study 59 in the USA are good examples of ongoing research where some of these principles have been considered.
In conclusion, randomized studies to date in the perioperative management of patients with hip fractures have many methodological flaws. Including data from large observational studies has added weight to the outcomes of the randomized studies but at present, due to enormous inconsistency in the choice of outcome measures and definition, it is difficult to draw many meaningful conclusions from these. Expert consensus on and implementation of standard outcome sets 10,11 is a fundamental requirement for comparing effects across studies and should now be a priority for all investigators.
